The melting points of Cr 3 C 2 -C peritectic (1826 °C) and Cr 7 C 3 -Cr 3 C 2 eutectic (1742 °C) alloys were investigated as high-temperature fixed point cells for thermocouple calibration. Pre-tests were performed to establish a suitable procedure for the construction of contact thermometry cells based on such chromium-carbon mixtures. Two cells were constructed following two different possible procedures. The two above melting points were successfully observed for one of these cells using tungsten-rhenium alloys thermocouples.
INTRODUCTION
In 2004, high-temperature fixed points reported by Yamada et al. in 1999 [1] were investigated by Morice et al. for thermocouple applications up to 2000 °C [2] . More recently, Yamada et al. reported new high-temperature fixed points based on several metal carbide-carbon peritectic points [3] . Phase transitions were observed at the Cr 3 C 2 -C peritectic-point (1826 °C) and the Cr 7 C 3 -Cr 3 C 2 eutectic-point (1742 °C) using a radiation thermometer [4, 5] . A repeatability of 20 mK was found at the peritectic point and 210 mK at the eutectic point using the same cell. Although the eutectic point seems insufficient for a use as a primary standard, both eutectic and peritectic points would find application to the study of thermocouples based on W-Re alloys used in this temperature domain, as a low-cost alternative to previous high temperature fixed-points constructed at the Pt-C eutectic-point (1738 °C) and the Ru-C eutectic-point (1953 °C) [6] .
However difficulties were reported in filling crucibles with chromium-carbon mixtures. The low surface energy of the molten metal and its high viscosity [4] led to the formation of voids within the ingot. Different techniques were tested to improve fabrication of cells that contained less than 20 g of alloy, for application to radiation thermometry.
Contact thermometry cells require a larger amount of alloy, typically ten times higher in weight, and specific fabrication techniques. Good cell filling is essential since the thermocouple may not reach the temperature of the phase transition if the hot junction of thermocouple is surrounded by an ingot having many voids. In this work, different filling methods were tested and two Cr 3 C 2 -C peritectic point cells were constructed. A procedure for cell construction using Cr-C mixture is proposed.
INVESTIGATION OF NEW FILLING TECHNIQUES FOR THE CR-C SYSTEM
The cell (outer diameter: 37mm; outer length: 124 mm) is composed of an internal crucible containing the metal and a larger external one. Firstly, fabrication usually consists in filling the crucible with the required amount of metal-carbon mixture. The thermometer well is then inserted in the molten metal. The resulting aspect of the ingot essentially depends on the preparation of the metal. In particular, the presence of voids seems to strongly depend on the shape of the raw materials used to form the ingot [5] . Different filling techniques were tested using small test crucibles, including a method successfully used by Yamada et al. to prevent formation of voids within the ingot. This technique consisted in using C/C sheet ("C/C sheet" is a 0.5 mm thick purified graphite cloth material) as an absorber of molten chromium-carbon mixtures thanks to the good wetting properties of this alloy: several layers of C/C sheet were tightly packed in the crucible so that the molten metal penetrated to every corner of the crucible through the capillary effect.
In this work, the same furnace was used to carry out the tests, to fabricate the cells, and for their subsequent use. The high-temperature furnace ( Fig. 1) consists of a graphite cylindrical heater insulated with graphite fibres. The assembly is placed in an airtight enclosure, which enables it to operate under vacuum or inert gases. The enclosure is cooled by circulation of water. The stability of the furnace between 1000 °C and 2000 °C is better than ± 0.1°C over 1 hour. Crucibles are set centrally in the furnace. 
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Description of pre-tests
Sets of small samples were constructed in order to assess different filling methods before construction of large cells. Small crucibles used for pre-test (see Fig. 2 ) consisted of a cup shaped graphite crucible and a graphite cover. The dimensions of small crucible were 24 mm in outer diameter and 38 mm in height.
All graphite crucibles were purified in high purity ethanol using an ultrasonic bath, and then baked at 2000 °C for 1 h in vacuum before filling with chromium shots, carbon powder and C/C sheets. Chromium was supplied by Alfa Aesar in the form of shots (approximately 5 mm diameter). Nominal purities of the chromium shots, carbon powder and C/C sheet were 99.999 %, 99.9999 % and >99.999 %, respectively (metals basis).
The five samples shown in Fig. 3 summarize the different tests carried out to assess different filling methods. The sample "S-No.1" was constructed using a mixture of chromium shots and carbon powder. The sample "S-No.2" was filled with chromium shots and C/C sheets alternately. Two samples "S-No.3" and "S-No.4" were filled with chromium shots mixed with both graphite powder and C/C sheets at approximately the peritectic composition. The C/C sheets contained into S-No.4 sample were holed in the center except several sheets at bottom. The sample "S-No.5" was filled with chromium shots and carbon powder alternately like layers. The weights of chromium shots, carbon powder and C/C sheets are shown in Table 1 .
The samples were heated up at 15 °C /min in vacuum until the content melted at the peritectic melting point. The furnace temperature was maintained above the melting temperature for 20 minutes to ensure good diffusion of carbon in the molten metal. The furnace was then cooled to room temperature at a rate of 15 °C /min. 
X-ray transmission photos of small samples
After melting, all small samples were checked by means of X-ray transmission photos. These photos are shown in Fig. 3 . Although it is difficult to confirm in 
Cross sections of small samples
Following X-ray transmission photos, S-No.1 sample was cut in order to check the ingot. Figure 4 is a SEM picture of cross section around the center of ingot. There was no large void inside ingot, but it was found that there were small voids among many pillar-like crystals. The original X-ray transmission photo of S-No.1 sample used in Fig. 3 showed these voids and crystals. It is considered that these small voids were formed as a result of shrinkage of ingot during the freezing. Such a structure as primarily identified on X-ray pictures was also observed on other X-ray transmission photos as further described.
After SEM analysis, S-No.1 sample was used for density measurement to determine the weight of ingot required for optimal filling of the large cells. It was found that the density of S-No.1 sample was 6.5 g/cm 3 .
1 mm Fig. 4 Cross section of S-No.1 sample.
CONSTRUCTION OF LARGE CELLS
Since S-No.5 sample (without C/C sheet) was found to provide the best results in terms of ingot structure, two large crucibles were filled with chromium shots mixed with graphite powder without C/C sheet at approximately the peritectic composition. Chromium shots and graphite powder were drawn from the lot used in the pre-test. Crucibles (10 ppm of ashes) were supplied by SGL Carbon. These were purified and baked following the procedure described above. The crucible and its content were heated and cooled in several steps. The heating rates were 15 °C/min up to 1500 °C, 10 °C/min up to eutectic point and 5 °C/min above eutectic point. The cooling rate was 5 °C/min to around 1000 °C, and then approximately 15 °C/min to room temperature. Cr-C-LNE No.1 cell (named cell No.1 in the following) was filled in vacuum while Cr-C-LNE No.2 cell (named cell No.2 in the following) was filled in Ar gas atmosphere. This process was repeated until the weight of the ingot reached approximately 100 g which was calculated by using the density of S-No.1 sample. Filling was completed in two cycles for the cell No.1 and in six cycles for the cell No.2. Table 2 . Fig. 7 (b) as well as around the bottom of ingot in Fig. 5 (b) . As described in section 2.3, it is considered that these stripes indicate the presence of pillar-like crystal structure shown in Fig. 4 [7] . 
OBSERVATION OF MELTING PLATEAUX
At this stage, cell No.2 is under investigation. Melting plateaux of cell No.2 at eutectic and peritectic points obtained from measurements using a type C thermocouple (Tungsten-Rhenium 5% / Tungsten-Rhenium 26%) are shown in Fig. 8 (a) and (b) . To realize the melting plateaux at eutectic and peritectic points, the temperature difference between the surrounding temperature and each melting point was 16 °C. It was found possible to observe Cr 7 C 3 -Cr 3 C 2 eutectic-point and Cr 3 C 2 -C peritectic-point from cell No.2 using thermocouples. 
CONCLUSION
The Cr 7 C 3 -Cr 3 C 2 eutectic-point and Cr 3 C 2 -C peritectic-point were investigated for thermocouple calibration as an alternative to the Pt-C and Ru-C eutectic points. Compared to metal-carbon alloys used so far to develop high temperature fixed points for contact thermometry, crucibles filling using chromium-carbon mixtures at approximately the peritectic composition required the assessment of specific procedures to avoid formation of voids within the ingot. Successful construction of a first chromium-carbon cell opens new perspective to the study of refractory thermocouples.
